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Introduction
The Cyanus group (Compositae, Cardueae-Centaureinae) was first mentioned by Miller (1754) as a genus, Cyanus Mill. The first to consider it a section within the genus Centaurea was de Candolle (1838), and this was widely accepted by most subsequent synantherologists (Bentham 1873; Boissier 1875; Hoffmann 1894; Stefanov and Gheorghiev 1931; Dittrich 1968; Wagenitz 1975) . Today it is usually recognized as a subgenus (Dostá l 1976) or as an informal group within the genus Centaurea (Wagenitz and Hellwig 1996; GarciaJacas et al. 2001) . Some authors, however, reassign it to a generic status (Bancheva and Raimondo 2003; Greuter 2003 Greuter , 2008 Bancheva and Greilhuber 2006) . Molecular studies of Centaureinae by Garcia-Jacas et al. (2001) and the tribe Cardueae by Susanna et al. (2006) have shown that the Cyanus and Jacea groups constitute one natural group, with the Cyanus group being sister to the Jacea group. In light of the molecular evidence, the latest compilations of the Cardueae Garcia-Jacas 2007, 2009 ) suggest that Cyanus should be left within Centaurea.
In contrast with the somewhat controversial taxonomical status of the Cyanus group, its delimitation has never posed a major problem. The group itself has many well-defined morphological characteristics, among which the color of the florets was the first to be observed (Miller 1754) . The florets are blue or purplish blue (with only a few exceptions of cream-or pale pink-flowered taxa), which are extremely unusual colors for the subtribe Centaureinae. Dittrich (1968) noticed that the achenes are conspicuously barbate at the margins of the insertion areole. Nevertheless, the structure of the phyllaries is the most unique characteristic. They have pectinate-ciliate, spineless appendages that are decurrent nearly to the base of the phyllary (Wagenitz and Hellwig 1996) . Finally, there are features in this group that are shared with the Jacea and Acrocentron groups. These include the marginal sterile florets without staminodes, the smooth pollen type associated with a reaction pollen presentation mechanism, and the lateral hilum of the seed (Garcia-Jacas et al. 2001) .
In addition to the morphological features, the Cyanus group is also characterized by its pollen types. According to Wagenitz (1955) , two out of the eight pollen types present in the genus Centaurea s.l. are confined exclusively to this group, within which two subgroups are defined. One is the subgroup of annual species that have the Cyanus pollen type, and the other group consists of perennials with the Montana pollen type. The accepted names for the two groups are Centaurea sect. Cyanus (Mill.) DC. subsect. Cyanus and Centaurea sect. Cyanus subsect. Perennes Boiss.
These two subgroups are also corroborated by karyological data. Annual species show a complex dysploid chromosome series with base chromosome numbers x¼8, 9, 10 and 12. Perennials, on the other hand, are far more uniform in their base chromosome numbers, with x¼10 or 11 (Wagenitz and Hellwig 1996; Garcia-Jacas et al. 2001) .
The Cyanus group is distributed throughout central and southern Europe, North Africa, Asia Minor, and the Caucasus, with some species appearing as far east as Iran and Afghanistan (Wagenitz 1975; Dostál 1976; Czerepanov 2001 ). The subsect. Perennes mainly lies within the mountain areas of southeast Europe, Turkey, and the Caucasus (Meusel and Jä ger 1992; Hellwig 2004) . The area with the highest number of described species is the Balkans (Dostá l 1976; Bancheva and Raimondo 2003) , which is where most of the taxonomical issues are concentrated. A synthetic treatment by Dostá l (1976) gave most of the small endemics described in the area the subspecies rank. However, this classification is disputed and remains very complicated, especially in the microspecies of the Centaurea triumfetti complex (Olšavská et al. 2009 ).
The annual species of the group have dual distributions, with two widely dispersed weeds and three narrow endemics. One species, Centaurea cyanus, has dispersed synanthropically as a crop weed associated with cereal cultivation since prehistorical times (Rö sch 1998). Centaurea depressa is also widely distributed (southwest and central Asia, Spain, Balkans, and Crimea) and is associated with agriculture. Three other species (Centaurea cyanoides, Centaurea pinardii, and Centaurea tchihatcheffii) are distributed within a much narrower area centered in southwest Asia. This subsection does not present any systematic problems, as the only doubtful assignation is associated with one of the Anatolian endemics, Centaurea tchihatcheffii. Because of some of its unusual and unique characteristics, such as its funnel-shaped marginal flowers with crenate margins and anther tubes with glands at the tip of appendages, this species was combined with the genus Melanoloma Cass. (now a section of Centaurea) as Melanoloma tchihatcheffii by Boissier (1875). It was included in the Cyanus group by Wagenitz (1975) despite its differences.
To date, there has been no extensive molecular investigation of the Cyanus group. However, some representative species were included in wider and more general investigations on the subtribe Centaureinae (Garcia-Jacas et al. 2001) and the tribe Cardueae . Considering the copious nuclear-ribosomal DNA sequences available for the Centaureinae, we carried out a molecular survey of the group, using the internal transcribed spacer (ITS) region. We also added the same external transcribed spacer (ETS) that has been used in studies on closely related species of Compositae (Baldwin and Markos 1998; Clevinger and Panero 2000; Urbatsch et al. 2003; Suá rez-Santiago et al. 2007 ) with the following aims:
(1) to verify the existence of the two subgroups (subsects. Cyanus and Perennes) as defined by life forms, karyology, pollen types, and biogeography; (2) to explore the relationships between both groups and examine molecular data, which may shed light on the geographic origin of the group; and (3) to verify whether molecular data can improve the systematics of the Balkan group of the taxa.
Material and Methods

Plants
Sampling of the plant material focused on providing the most comprehensive representation of the Cyanus group. Therefore, representatives of all five annual species (subsect. Cyanus) and 32 taxa (species and subspecies) from the subsect. Perennes were included. Several widely distributed species from both subsections were represented with more than one population from different parts of their distribution areas.
The entire distribution range of the group was covered with special emphasis on southeast Europe and Turkey. The nomenclature of the taxa was mainly adjusted according to Flora Europaea (Dostál 1976) and Flora of Turkey (Wagenitz 1975) , with some exceptions (Centaurea lingulata, according to Susanna and Garcia-Jacas 1996 ; Centaurea pseudoaxillaris and Centaurea tuberosa, according to Bancheva 1999) .
Published sequences and new sequences were used in the analysis of the ITS sequences. All of the 39ETS sequences analyzed were new. The sources for the published sequences, voucher data, and GenBank sequence accession numbers for the newly studied taxa are given in the appendix.
Centaurea scabiosa L. and Centaurea ochrocephala Wagenitz from sect. Acrocentron were chosen as the outgroup species following Garcia-Jacas et al. (2001) . Two plastid noncoding regions, the intergenic spacer ycf3-trnS and the intron trnG, were also sequenced in several representative taxa; however, the very low number of informative characters led us to abandon this work.
DNA Extraction
Total genomic DNA was extracted from herbarium material following the procedure described in Doyle and Doyle (1987) and Cullings (1992) . The DNA of older herbarium material was extracted using the DNeasy Plant Kit (Qiagen, Valencia, CA) following the manufacturer's protocol. In some cases, the fresh leaves of plants cultivated in the Botanic Institute of Barcelona or silica gel-dried leaves collected in the field were used (appendix).
nrDNA ITS and ETS Regions Amplification Strategies
Double-stranded DNA of the entire ITS region (ITS1, 5.8S gene, ITS2) was amplified using 1406F (Nickrent et al. 1994) as the forward primer and ITS4 (White et al. 1990 ) as the reverse primer. Alternatively, if it was not possible to obtain the whole ITS region, the primers ITS1 (White et al. 1990 ) and 5.8I1 (Sun et al. 1994) were used to amplify the ITS1 region, and primers 5.8I2 (Sun et al. 1994 ) and ITS4 were used for the amplification of the ITS2 region.
PCR conditions included a hot start at 95°C for 4 min and 30 cycles of amplification that were carried out under the following conditions: 94°C for 1 min 30 s, 55°C for 2 min, and 72°C for 3 min, with an additional extension step of 15 min at 72°C. The 39 portion of the ETS region was amplified using ETS-Car-1 (Kelch and Baldwin 2003) as the forward primer and 18S-ETS (Baldwin and Markos 1998) as the reverse primer. In Centaurea depressa, this combination of primers failed to amplify any products, so ETS1F (Linder et al. 2000) was used as the forward primer and 18S2L (Linder et al. 2000) as the reverse primer instead. PCR conditions for this amplification included a hot start at 95°C for 5 min and 30 cycles that were carried out under the following conditions: 94°C for 45 s, 48°C for 45 s, and 72°C for 40 s, with an additional extension step of 7 min at 72°C.
In some taxa, more than one band was produced by the amplification, and some others could not be sequenced directly. PCR products of those taxa were cloned using the TOPO TA Cloning Kit (Invitrogen, Carlsbad, CA) following the manu-239 BORŠ IĆ ET AL.-PHYLOGENY OF CENTAUREA SECT. CYANUS facturer's instructions, except that only one-half of the reagents were used. When possible, eight positive colonies from each reaction were screened with direct PCR using the T7 and M13R universal primers following the protocol described by Vilatersana et al. (2007) . Five to eight PCR products were selected for sequencing in both directions using the same primers.
nrDNA Sequencing Strategies PCR products were purified with the QIAquick PCR Purification Kit (Qiagen) and sequenced with the same primers used in the amplification. Direct sequencing of the amplified DNA segments was performed using the BigDye Terminator Cycle Sequencing v3.1 (Applied Biosystems, Foster City, CA), according to the protocol recommended by the manufacturer. The nucleotide sequencing was performed at the Serveis Científico-Tècnics at the University of Barcelona on an ABI PRISM 3700 DNA Analyzer (Applied Biosystems).
Phylogenetic Analysis
Nucleotide sequences were edited using BioEdit 7.0.1 (Hall 1999) and aligned visually by sequential pairwise comparison (Swofford and Olsen 1990) . For the clones, the sequences with unique substitutions in single clones were excluded. Consensus sequences were generated for each of the cloned species, condensing the single base pair differences among clones. This reduced the size of the matrices and the impact of any potential PCR artifacts (chimeric sequences and Taq errors; Cline et al. 1996; Popp and Oxelman 2001) . Matrices of obtained data are available on request from A. Susanna.
Two different phylogenetic analyses were performed: maximum parsimony, as implemented in PAUP 4.0b10 (Swofford 2002) , and Bayesian inference (BI), using MrBayes 3.1.2 (Huelsenbeck and Ronquist 2001; Ronquist and Huelsenbeck 2003) . Separate analyses were conducted on the ITS and the 39ETS sequence data.
The maximum parsimony analysis involved heuristic searches using tree bisection-reconnection (TBR) branch swapping with character states specified as unordered and unweighted. The indels were treated as missing data. All most-parsimonious trees (MPTs) were saved. To locate islands of MPTs (Maddison 1991) , 1000 replications were performed with random taxon addition and TBR branch swapping. Bootstrap support (BS) was estimated (Felsenstein 1985) with 100 replicates, simple taxon addition, and TBR branch swapping.
To determine the best-fit model of molecular evolution for Bayesian inference, the ITS and the 39ETS matrices were analyzed using hierarchical likelihood ratio tests and Akaike Information Criteria, as implemented in MrModeltest 2.2b (Nylander 2004) , which considers only those nucleotide substitution models that are currently implemented in PAUP and MrBayes 3.1.2 (Huelsenbeck and Ronquist 2001; Ronquist and Huelsenbeck 2003) . In both cases, each criterion selected different evolutionary models under which BI analyses were then performed. They were initiated with random starting trees and run for 1 3 10 6 generations. Four Metropolis-coupled Monte Carlo Markov chains were sampled every 100 generations, resulting in 10,000 sample trees. A critical aspect of the Bayesian analysis is to ensure that the Markov chain has reached stationarity. Because all sample points before stationarity are essentially random and usually do not contain useful parameter estimates, 1000 sample trees were discarded as ''burn-ins.'' Internodes with posterior probabilities of at least 95% were considered to be statistically significant. Trees obtained using different evolutionary models were very similar in their topology, but the general time reversible model (Rodríguez et al. 1990 ) model, which was common to both analyses, showed slightly higher values of clade support.
The nrDNA ITS and 39ETS data sets were tested for congruence using the incongruence length difference (ILD) test (Farris et al. 1995a (Farris et al. , 1995b , as implemented in WinClada 1.00.08 (Nixon 2002) . It was conducted with 10,000 replicates and 10 random addition sequences per replicate, holding two trees at each step and saving two trees perreplicate.
Results
The numerical results of the analyses of the ITS and 39ETS data sets are summarized in table 1. The ITS alignment of the 74 taxa consisted of 478 positions and contained 125 phylogentically informative substitutions. Mean pairwise distances (as calculated by PAUP) within the ingroup varied from 0% (between 30 pairs of taxa of the Cyanus group of Centaurea) to 9.82% (between Centaurea tchihatcheffii and Centaurea triumfetti subsp. stricta). Pairwise distances between the ingroup and outgroup varied from 5.12% (between Centaurea scabiosa and Centaurea epirota population 2) to 10.26% (between Centaurea ochrocephala and Centaurea cf. triumfetti subsp. adscendens).
The 39ETS alignment of the 47 taxa consisted of 668 positions and contained 144 phylogentically informative substitutions. Mean pairwise distances (as calculated by PAUP) within the ingroup varied from 0% (between eight pairs of taxa of the Cyanus group of Centaurea) to 23.88% (between Centaurea depressa population 3 and Centaurea pinardii). Pairwise distances between the ingroup and outgroup varied from 9.48% (between C. ochrocephala and C. epirota population 1) to 24.66% (between C. scabiosa and C. pinardii).
Only two species were cloned, one for the ITS and another for the ETS region. The first was Centaurea pichleri population 1, in which we found four ITS clones. The second cloned species was Centaurea cf. pindicola, in which we found three ETS clones.
The topology of the trees obtained by parsimony and Bayesian approaches was consistent, although a slightly better resolution was obtained with the Bayesian trees. Therefore, only Bayesian majority-rule consensus trees are shown, with Bayesian posterior probability values (PP) and parsimony BS percentages added onto the branches ( figs. 1, 2) .
Some noticeable discrepancies were observed in the topologies of the trees obtained from the ITS and 39ETS regions. The first incongruence was the changing positions of Centaurea triumfetti subsp. lugdunensis and C. triumfetti subsp. aligera. The two species were placed together in the ITS and 39ETS analyses, but both the composition of their clade and their positions within the Perennes clade (figs. 1, 2) were different. Another inconsistency was the position of C. nigrofimbria, which was placed within the Caucasian and Iranian clade in the ITS analysis ( fig. 1 ) but formed a clade with the Turkish C. triumfetti population 1 in the 39ETS analysis. Finally, the clade formed by the Iranian and Caucasian representatives was sister to the rest of the Perennes clade in the ITS analysis ( fig. 1 ), a position that was not retained in the 39ETS tree ( fig.  2 ). Regarding ILD, two different tests were carried out, the first with all the taxa and the second omitting the three species of incongruous position. The data sets were incompatible (P ¼ 0:001 in both analyses). Considering the differences between the topologies obtained by both data sets and the negative result of the ILD, combining them into a single matrix was not possible.
Trees obtained in both analyses (ITS region, fig. 1 ; 39ETS region, fig. 2 ) showed absolute support for the monophyly of the Cyanus group (PP ¼ 1:00, BS ¼ 100%). In the 39ETS analysis, the Cyanus group was divided into two well-supported clades. The first clade included all of the annual species with strong Bayesian support in the 39ETS (PP ¼ 1:00, BS ¼ 72%; fig. 2 ), but it was not supported by the Bayesian analysis of the ITS data set (PP ¼ 0:88; fig. 1 ). The second clade encompassed the perennial taxa, within which two clades were formed in the ITS analysis: the first one with the Caucasian and Iranian endemic species and a robust second clade with the rest of the taxa. In both the ITS and 39ETS analyses, this second clade was a polytomy with several more or less well-supported groups.
The ITS clones 2 and 4 of C. pichleri population 1 were grouped with C. fuscomarginata in a strongly supported clade, but clones 1 and 3 were placed as successive sisters to this clade without support (BS < 50%, PP ¼ 0:63 and 0.58, respectively; fig. 1 ). As for the ETS clones of C. cf. pindicola ( fig. 2) , one of the clones was grouped with population 2 of C. epirota with high support (PP ¼ 1:00, BS ¼ 82%), and the other two clones were placed in a polytomy with populations 2, 5, and 6 of Centaurea lingulata; C. fuscomarginata; populations 1, 3, and 4 of C. pichleri; and Centaurea reuterana var. phrygia with high Bayesian support (PP ¼ 1:00, BS ¼ 73%).
Discussion
Taxonomic Implications
The results of the analyses of the ITS and 39ETS regions confirm the monophyly of sect. Cyanus. As shown in morphological analyses by Wagenitz and Hellwig (1996) and previous molecular analyses by Garcia-Jacas et al. (2001) , two subgroups are defined within sect. Cyanus: annuals and perennials.
Our results point to new evolutionary inferences in the clade of annual species. First, the populations of widespread Centaurea cyanus and Centaurea depressa, associated with agriculture, each form strongly supported clades. In the ITS analysis, the clade formed by the populations of C. cyanus is the sister to the strongly supported clade formed by the rest of annuals. The surprising position of C. cyanus is probably caused by a different mutation rate in the ITS region, which is usually related to differences in the biological history of the species (Smith and Donoghue 2008) . In fact, the branches of the annuals are much longer than those of the perennials in both phylograms (figs. 1, 2) due to the accumulation of changes, as suggested by Ainouche and Bayer (1999) and Andreasen and Baldwin (2001) . However, this general rule is not free of exceptions, depending on the group (Andreasen 2005; Soria-Hernanz et al. 2008) . In contrast, the 39ETS analysis places C. cyanus well nested in the subsect. Cyanus (fig. 2) . Thus, deviating behavior in annuals, when included in molecular analyses, seems to mainly affect the ITS region, as observed in other groups from the subtribe Centaureinae (A. Susanna, M. Galbany, K. Romaschenko, L. Barres, and N. Garcia-Jacas, unpublished manuscript). Finally, all of the analyses have confirmed that Centaurea tchihatcheffii is more closely related to the Cyanus than to the Melanoloma group, which is consistent with the placement by Wagenitz (1975) . The ITS results place it as most closely related to the Anatolian group of taxa, including Centaurea pinardii and C. depressa ( fig. 1) .
It is very difficult to draw taxonomical conclusions from our results about the clade Perennes, other than confirming the need for its taxonomic revision in view of the problems in defining some species. The first of the conflicting species is Centaurea triumfetti, which traditionally has been considered to be a difficult taxon (Wagenitz 1975; Gamal-Eldin and Wagenitz 1991) . Populations of alleged C. triumfetti are placed in different clades ( figs. 1, 2) . Both the ITS and 39ETS analyses place C. triumfetti subsp. dominii, C. triumfetti subsp. axillaris, and C. triumfetti subsp. pirinensis into one clade, whereas C. triumfetti subsp. triumfetti is positioned in a different clade. These results agree with the morphologically based conclusions of Olšavská et al. (2009) . Another example is C. triumfetti subsp. lugdunensis, a subspecies from western Europe that is morphologically very similar to C. triumfetti and is alternately placed in both clades of C. triumfetti ( figs. 1, 2) . The last important issue regarding the taxonomy of C. triumfetti s.l. is the case of Centaurea lingulata from the Iberian Pensinsula and North Africa, subordinated to C. triumfetti as a subspecies (Dostál 1976 2). This result supports the status of C. lingulata as an independent species. A thorough revision of these taxa is highly necessary, and either the delineation or the independence of some species should be questioned.
Another species of controversial delineation is C. pichleri from Greece, Bulgaria, Turkey, and Lebanon. The populations of this taxon included in our study appear to be diversely associated with other eastern taxa and collectively do not form a supported clade in any of our analyses (figs. 1, 2). Thus, this is another taxon in need of taxonomic revision.
Revision of species boundaries in subsect. Perennes is a very difficult task because of the scarcity of unifying morphological characteristics present (Wagenitz 1975) . Most of the current taxonomy of the group is based on vegetative characters such as the presence of sterile rosettes, the presence of taproots or tubers, and the shape and indument of the leaves (Wagenitz 1975; Dostá l 1976; Czerepanov 2001) . One of these characters, the presence of napiform tubers, is confirmed by our analyses to be a good indicator of phylogenetic affinity. Centaurea napulifera, Centaurea orbelica, Centaurea tuberosa, and Centaurea velenovskyi, which all possess tubers, form a well-supported clade in the ITS analysis ( fig. 1) . However, other tuberose species like Centaurea diospolitana (Bancheva & S. Stoyanov) Bancheva, comb. nov. [Basionym Cyanus diospolitanus Bancheva & S. Stoyanov, Novon (2009) 421], C. napulifera subsp. thirkei, Centaurea nyssana, and Centaurea pseudoaxillaris, which has rudimentary tubers, are not included in this clade. The latter is grouped to another population of C. napulifera that is also placed outside the ''tuberose'' clade. Finally, it was also suggested by Wagenitz (1980) that Centaurea cheiranthifolia is related to Centaurea elbrusensis, which was corroborated by our findings, suggesting that both of these species belong in the same group.
Introgression and Reticulation
The difficulties in species delimitation may be caused by a still-incomplete evolutionary differentiation, although they can also be due to hybridization and introgression (Hellwig 2004) . The hypothesis of introgression was suggested (Font et al. 2002) and recently confirmed for Centaurea sect. Acrocentron. Lö ser and Hellwig (2007) reported polymorphisms among plastid DNA haplotypes in most populations of perennial species of Cyanus that could also indicate hybridization.
Introgression may also be indicated in the results obtained from Centaurea pindicola. The 39ETS analysis includes two cloned sequences of this species. One is grouped with Centaurea epirota and the other with C. pichleri ( fig. 2) . The presence of different copies with different affinities and a lack of congruence between the results of the two data sets strongly suggest introgression, as already noted in C. triumfetti by Wagenitz (1975) and Gamal-Eldin and Wagenitz (1991) . The alternative hypothesis for explaining multiple copies would be the presence of pseudogenes or incomplete lineage sorting of ancestral polymorphisms. Pseudogenes and polymorphisms can be ruled out in our case because cloning resulted in well-preserved sequences in both the ITS and ETS regions (Yamaji et al. 2007; Grimm and Denk 2008) .
Biogeographic Implications
Biogeographic implications are also very much of interest. The analysis of the ITS data set defines as the sister to subsect. Perennes the Caucasian and North Iranian representatives of the subsection: C. cheiranthifolia and Centaurea woronowii from Georgia, C. elbrusensis from Iran, Centaurea fischeri from Armenia, and Centaurea nigrofimbria from southeast Russia ( fig. 1) . Dittrich (1968) reported that C. cheiranthifolia diverged earlier than the other perennial species on the basis of achene characteristics. This group corresponds to the so-called subsect. Fischerianae Czer. (Czerepanov 2001) , with the exception of C. nigrofimbria, which was placed into another subsection.
Significantly, a genus from subtribe Centaureinae that has been hypothesized to be related to Centaurea sect. Cyanus on a morphological basis, Psephellus Cass., has a very similar geographic distribution limited to the Caucasus, Anatolia, and northern Iran . The morphological similarities of Psephellus and sect. Cyanus are evident and include an exine ultrastructure, unarmed appendages on the bracts, large and showy sterile peripheral florets, purple or pink corollas, and seeds with lateral hilum (Dittrich 1968; Wagenitz and Hellwig 2000; Susanna and Garcia-Jacas 2009) .
The Iberian and North African C. lingulata is more closely related to the eastern Mediterranean stock, as represented by C. fuscomarginata, C. pichleri, and C. reuterana ( fig. 2) , noted above. In contrast, one species from northern Iberia, C. triumfetti subsp. semidecurrens, is more related to the eastern European stock (figs. 1, 2). These relationships parallel the case of Centaurea sect. Acrocentron ), in which two migrations were suggested, one from the south connecting Iberia and North Africa and a second one from central Europe.
Evolution of Life Forms
Lö ser et al. (2009) maintained that the perennial taxa are derived from the annuals on the basis of molecular data, morphology, and karyology. Garcia-Jacas et al. (2001) pointed out that the divergence in the annual Cyanus was higher than that of Perennes, which could indicate that Perennes is more recent. We shall review the basis of the hypothesis regarding the evolutionary direction taken by the group.
Morphology alone cannot be used to decide which subsection is ancestral, as reversals and parallel evolution are a constant in the Centaureineae (Garcia-Jacas et al. 2001). Karyology could be a stronger argument, since the annual C. cyanus has the highest basic chromosome number of the Cyanus group (x¼12). However, the difference between the Cyanus and Perennes basic chromosome number (x¼12 and x¼11) is minimal, and subsect. Cyanus also has the lowest number of the group (x¼8). Finally, our molecular results cannot provide clarification as to which group is older because Cyanus and Perennes are sister clades. Branch lengths in the annuals are longer that in perennials, but whether the differences are due to the varying life histories and habits of these two groups is unknown. Comparisons between groups with different life cycles are risky.
There are arguments to support the hypothesis that the annual species of Cyanus are derived from perennials. First, we can argue against the biogeographic evidence. Perennial taxa 244 INTERNATIONAL JOURNAL OF PLANT SCIENCES are, without exception, mesophilous plants growing in the circum-Mediterranean mountains, a conservative habitat where most of the old preglacial flora survived the glaciations (Médail and Diadema 2009 ). In the Mediterranean region, aridity is a novel condition that arose only in the late Miocene era (Suc 1984) . Annual species would have been derived in the east as an adaptation to the increasing aridity, which is consistent with the latest datation of the group that assigned an age of 6-7 million years to Cyanus and Perennes (Barres, personal communication). The geographic distribution of annuals is very suggestive, with their main diversification center in Anatolia. Our results suggest that the perennial species of Cyanus originated in the Caucasus and the adjacent mountains in the extreme north of the Irano-Turanian region ( fig. 1) , which is consistent with the hypothesis of Psephellus being the most plausible ancestor of the Cyanus group . Annuals probably appeared very soon after in the more arid foothills.
Another argument supporting the idea that annuals are derived from perennials involves pollen type. There is a clear evolutionary line that connects the pollen types Psephellus, Montana, and Cyanus, as reported by Wagenitz (1955) , even though this is unsupported by molecular analyses . These three types share identical exine structure (well-conserved endexine in two layers of columellae and smooth ectexine), and differences between them are due only to shape: spherical in Psephellus, prolate in Montana and prolate-laterally compressed in Cyanus (''stadium form''; Wagenitz 1955) . In a recent survey of the Centaureinae, Susanna and Garcia-Jacas (2009) correlated the evolution of pollen shape from spherical to prolate with the adaptation to the great oscillations in humidity and temperature typical in arid climates. The laterally compressed Cyanus type would be the ultimate adaptation to the extreme oscillations of temperatures in a Mediterranean climate. From our point of view, the most parsimonious hypothesis would be that the Cyanus pollen type (annual species) evolved from the Montana type of perennials. And, finally, on the basis of the anatomical characteristics of achenes, Dittrich (1968) concluded that perennials were phylogenetically older. We favor the hypothesis that the group evolved from mesophilous-montane perennials (Cyanus subsect. Perennes) to annual species more adapted to the Mediterranean aridity (Cyanus subsect. Cyanus). This would have been through two radical changes: first, the adoption of an annual habit; second, the adaptation of the pollen type to a model more suited for the extreme changes in hygrometry and temperature that are typical of a Mediterranean habitat. More studies within the group are needed to confirm any of the contradicting hypothesis, but difficulties in comparisons between annuals and perennials make molecular methods a less reliable tool.
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